By A. LOWNDES YATES, M.D.
The Evolution of the Cochlea.-In the development of all animals, the sense organ which later becomes a labyrinth develops first as a thickening of the epidermis and later sinks into the mesodermal structures and becomes flask-shaped. It is probable that the portion of the epidermis so developed is originally a part of the lateral line which is well developed as a tactile organ in the fish. On the upper surface of this flask-shaped epidermal structure a narrow fold makes its appearance. The first appearance of this structure in animals is when it is elaborated into the two vertical semicircular canals and a single central chamber, a condition which is present in the labyrinth of the hag fish ( fig. 1 ).? The horizontal canal is developed later and in the bony fishes three semicircular canals are found and also three sensory areas covered by calcareous material, each of which is roughly in such a position that it can deal with movement in one direction of space. These labyrinthine organs have peculiar and intricate connexions with the swim bladder of carps and herrings. Of these three otolithic organs one, the lagena, is not present in the adult man and the manner of its disappearance is the key to the evolution of the cochlea.
In amphibia ( fig. 4 ) Nature made several attempts at forming auditory organs. One, the macula neglecta, appears like a flash in the development of the human ear and disappears. In amphibia the first appearance of the structure that later becomes the cochlea is a dilatation at the base of one of the otolithic organs, namely, the lagena. In frogs this dilatation is quite ill-developed, but a thinning in the skull and a second thinning of the otitic capsule represent the beginning of a fossa ovalis and rotunda. Such thinnings are absent in the fish and in the urodeles, but present in all the higher amphibia, and in these the pars basilaris of the lagena has a thin circular basilar membrane framed in cartilage and beneath it a small peri-lymphatic sac in close connexion with the meninges.
In reptilia, the sense organs of the pars basilaris lagenie come to lie on the basilar membrane. Many different stages of evolution of the ear may be observed in reptiles, culminating in that of crocodiles which is very similar to that found in birds. In the crocodile is seen the first appearance of stretched diagonal fibres and the elements of the cochlear sense organ show an orderly arrangement.
In birds ( fig. 5 ) the lagena has become a mere terminal appendage of its pars basilaris which now is called the cochlea and in birds is straight. In spite of the primitive nature of the cochlea of birds, this sense organ is capable of very great power of discrimination. Thus the number of fibres in the parrot's cochlea is 1,200, compared with 24,QOO in man, but the parrot is plainly capable of accurate analysis of sound.
In monotremes ( fig. 6 ), the lagena is still a functional terminal appendage of the cochlea, but thereafter in mammalia, it disappears and is represented by a vestigial remainder only. The further evolution of the cochlea of mammals is one of combined elaboration of the sensory structure with simplification of the perilymphatic structures (fig. 7 ). The work of Dr. A. A. Gray has greatly clarified the views with regard to the elaboration of the human cochlea. His justly famous monographs have carried on the work of Retzius and it is from these sources and from the work of Professor Burne, the physiological curator of the Royal College of Surgeons, that I have gathered this brief review.
As to the method of working of the cochlea, we have little more than surmise to guide us. The theory of resonators, put forward by Helmholtz, is seriously shaken, both by the efficacy of the lowly cochlea of parrots and by the fact that, in the pig, A. Gray has explained that it is not necessary for an individual cord to act as a single resonator, and, later, Wilkinson and Gray have brought forward the theory of the formation of sound patterns in the cochlea. This conforms with the facts met with in other sense organs, for when we touch a key we get a tactile pattern of sensation of it, and if we see the letters of the alphabet we get a visual pattern of the letters, and in no case do our educated special senses record the single point impressions of a sensation even if such single point impressions actually exist in consciousness. Now in the evolution of the cochlea, a gradual elaboration of its microscopical structure can be demonstrated, which reaches its greatest height in man, and in the brain there is a corresponding and probably synchronous evolution of the auditory centre and of the whole of the neopallium. The sense of hearing, in fact, has been evolved as a result of the evolution of the organ of hearing, but the evolution of the upper centres in the neopallium has far outstripped the evolution of the sense organ. There is, in fact, a fair amount of evidence that the cochlea and the semicircular canals are, as a whole, in a state of involution. This involution begins in the semicircular canals, which, in man and higher animals, are noticeably less evolved than in the fish, presumably because the postural reflexes have, to a large extent, usurped their function and removed the need for the more primitive form of balancing apparatus.
In the case of the cochlea, evolution in respect of the sensitivity of the organ continued and reached its highest point in mammals. It is common knowledge that the dog hears better than man, and that therefore from the point of view of acuity the cochlea of man has undergone a certain amount of involution.
The Evidence of Embryology.-The Eustachian tube develops as a recess between the first and third visceral arches. The tympanum does not exist until the third month of fetal life (Keith), for the Eustachian recess ends in a mass of jelly-like material containing the cartilaginous bases of the ossicles. As this jelly-like material is absorbed, the entodermal lining is pushed in and covers the ossicles and the membrane on its inner side. The mastoid antrum develops in the sixth and seventh months by an extension upwards and backwards of the Eustachian tube. The stapes develops from the hyomandibular bar of cartilage; the malleus represents the upper end of Meckel's cartilage, and the incus the quadrate bone of lower mammals. As a result of this, the incus in a certain stage of developmetit is attached to the base of the skull, and this bony attachment is absorbed, leaving a ligament in its place to support the incus; this resulting ligament varies considerably in thickness.
The external ear is developed as a pit derived from the first cleft depression. The deeper part arises during the second and third months of fcetal life by a solid ingrowth of epithelium beginning at the bottom of this pit. When it reaches the future level of the membrane it expands, and in the seventh month its centre is absorbed, leaving a canal.
The labyrinth is developed from a thickening of the epidermis, which is present in the embryo of 2 6 mm. length. This is invaginated to form the otocyst in the embryo of 3 *2 mm. and is cut off from the exterior in the 4 * 5-mm. embryo. In the 20-mm. embryo the cochlea has three-quarters of a turn.
The epithelial cells lining the cochlea become flattened, excepting in the region of the sensory cells, where they develop hairs and come in contact with the ganglion spirale of uncertain origin.
In the fifth week there is a ductus endolymlphaticus, a vestibular pouch and a cochlear pouch. In the sixth week, from the vestibular portion there develop the ductus and saccus endolymphaticus, the semicircular canals and ampullae; the utricle, saccula aud cochlea rudiment is in the form of a bent canal. In the tenth week all the parts are present almost in their adult form, and in the twelfth week the cochlea has three turns. (Howden.) 1484
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Evolution of the Auditory Areas of the Brain.-As we ascend the scale from the fish to the highest mammals there is an increase in the complexity of structure of the mid-brain, which leads ultimately in mammals to the formation of the inferior colliculus. As we ascend the scale from the lowest apes to modern man there is a decrease in the relative size of the mid-brain, because the functions of it are passed over to the cortex of the ever increasing neopallium. The surface of the brain and of its various lobes has undergone a great increase in the evolution of man from ape-like ancestors. The difference in the area of the lobes of the brain of man compared with tbat of apes is shown in the following 
1
In the next figure I have attempted to show this in graphic form. It will be seen that there is a great increase in the frontal lobe, in the parietal lobe and in the temporal lobe, while the occipital lobe and the area of the motor cortex have undergone a relatively slight increase ( fig. 8 ). In casts taken from the fossilized remains of the skulls of primitive men, the same gradual increase in these portions of the brain may be detected ( fig. 9 ).
Evolution of the Power of Auditory Interpretation.-The brilliant work of Pavlov has introduced us to the idea of reflexes, which operate only under certain definite conditions. One of his best known experiments is that in which a bell was rung at feeding time and the dogs that were under observation learned to associate this sound with the idea of food. It is common knowledge that dogs and horses will associate a certain group of words with the idea of food, or with simple movements.
Horses will stop or start in response to verbal orders, and elephants will carry out most complicated orders at command. The lower monkeys do not appear to respond to orders as readily as many lower animals, but the higher apes, particularly the chimpanzees, are very quick in their response to orders. " Jack " and " Bubu," the chimpanzees at the Zoo, are particularly interesting little animals. When in their cage they are by no means polite to each other and are not particularly gentle. They rush at their food and snatch it noisily. Out of their cage and in the presence of their keeper they assume their party manners and are obviously shy. They do not attempt to take food in front of them until the keeper says, "Jack, take a banana," and then Jack does so. " Break it in half, and give half to Bubu." This he does. " Now give the other half to man, myself. Now, Bubu, give your half to Jack," and Bubu does so and bursts into tears and goes on sobbing just like a child, after it has been given back to her. Next Jack is told to take a bunch of keys and from them he at once selects the key which fits the lock of his cage, lifts the cover of the keyhole and inserts the key, but, though he tries to do so, he cannot turn the key because the thumb is so small and as yet so little evolved.
FiG. 9.-In the casts from the interior of the skulls of primitive men, shown in this figure, there is a gradual evoluition of the neopalliuim and in particular of the frontal and parietal areas and also of the temporal lobe.
(From " The Brain from Ape to Man," by Frederick Tilney, New York, 1928 [Hoeber] .) This high intelligence is not, however, the natural condition of the monkey.
Chimpanzees who have not been trained by men chatter, while the domesticated monkey is relatively silent. While in their chattering they seem, like the dog, to be endeavouring to express themselves, tl-pre is no evidence at all that they' have any code of speech and each dog or monkey makes a noise which he thinks expresses his emotions, but is not the same as that which other monkeys or dogs empl.oy in similar circumstances.
When we come to study children, it is evident that in babyhood they pass through a phase similar to that met with in the lower animals. They chatter to themselves long before they have learned to understand even the most simple forms of speech. Then comes a time in which they undoubtedly hear and understand spoken words, particularly if reduplicated. 'Lastly there com'es a time when the child imitates the sound of the words that it has heard and slowly learns to speaL, that is to say, to adopt the sounds of words instead of the noises that it would naturally make as a vehicle of expression of its thoughts.
So far as I have spoken of the evolution of the analytical sense of hearing, it is clear that the evidence seems to be in favour of a hypothesis that the analytical sense of hearing is the main caus'e of development of the intellect, and this is, I think, generally true throughout the whole period of intellectual development. It is, however, necessary to consider certain factors which may modify this view.
In the lower animals the sense of hearing is a mid-brain function and is primarily connected with the need of auditory warning of the approach of enemies or of other animals which will serve as food. This sense is never wholly lost in man and it is noticeably aeute in mentally deficient children. There is one type of mentally deficient child which is of special interest in this connexion, namely, that in which the intellect develops normally, though a little slowly, until the intellectual powers are equal to those of a child of a certain age, say of ten years of age, and there the intellectual powers stick and cannot be developed further. I am informed that this is the normal mode of education in certain primitive peoples who attain a certain intellectual status and cannot be educated beyond this. Now in these children the hearing as a sense of warnihag is markedly developed and the failure in their further education seems to be due to lack of power to appreciate speech in its higher forms. Next, it is necessary to consider the two main types of intellect, the auditory and the visual. Some people can appreciate things far more easily when they see them, others when they hear them. In this connexion we have to consider the manner in which the idea reaches our minds when we read.
I find that all normal persons, when they read, think of the sound of the word they see, before they can appreciate its meaning, and if they do not raise the idea of the sound of that word in their minds, they skim the word and do rnot understand it. I have said " all normal persons," and by the remaining abnormal persons I mean those who are congenitally deaf or become deaf in early childhood. These, when they have learned to speak, associate the word they see with sensation of movement of the tongue and lips such as will form the word.
A further investigation of the matter seemed to prove that we use our sense of sight in two quite separate ways. If we look about a room and see the objects in it, we get a mass visual impression of them. If we examine them more minutely and think of the purpose for which they are employed, we call into our minds the sound of the words which form our thoughts about these objects. A similar analytical power is found associated with the sense of touch, as a result of which we think of the sound of the words which form our thoughts on touching any object, or alternatively just touch it without thinking.
Hearing then-that is, the analytical sense of hearing-is the prime sense of the intellect, and the more we realize this, the more important does the higher study of otology become. Viewed from this aspect, the study of deafness becomes comparable to the study of a change of auditory environment.
It seemed probable that although the external environment of sound was unaltered, the sound, when it had been translated by the ear into nerve impulses, was altered. I made an attempt to assess this alteration in the following way: I took a microphone and fitted it with a membrane and with levers to represent the auditory ossicles. This was connected to a loud speaker in another room. I then caused the microphone to record the sounds made by a gramophone and listened to the loud speaker. I then caused adhesions to form with glue beneath the membrane and noted the alteration in the sound emitted by the loud speaker. The sounds of the letters B, D, C, V, B, P, E, came through badly. I then perforated the membrane and found that the alteration in the sounds emitted by the loud speaker was made 133 Section of Otology 1487 worse. I then removed the adhesions and found an alteration in the strength, but not in the quality, of the sounds. I then tried to damage the microphone itself, but destroyed it.
I then examined deaf persons. Those with middle-ear deafness showed a difficulty in appreciating the sounds B, D, C, V, B, P, E. Those with perforations and no apparent adhesions, had no difficulty of interpretation but had a diminished power of hearing simple sounds, but all showed a factor which was not present in the experimental model, namely, the increase of deafness due to auditory fatigue, and as this was infinitely more marked in cases with an alteration in their analytical power, I assumed that the fatigue was cerebral in origin.
Lastly, I examined patients in a search for evidence of involution. It seemed that if the deafness came on suddenly involution was often very evident and that the sufferer retraced the path of evolution; he became auditorily timorous, his power of appreciation of spoken words slowed, while the groups of words, the phrase words, the power to hear which is the last evolved, was early lost. If the The line x x x x represents the evolution of the auditory area of the neopallium. The figures indicate the approximate number of years coiisidered in the period of evolu,tion. deafness came on slowly, particularly when people of good auditory intelligence were the sufferers, they learned to note the difference in the message going to their brain and suffered very little from deafness even when the lesion was evident, on inspection of the ear.
The patients who were youthful and therefore in the days of easy education seemed, in particular, to escape the results of damage to the ear and to he educated to their different auditory environment.
The older patients and particularly those who were not accustomed to employ their hearing in the decision of important questions, showed marked involution of their powers of interpretation and when their hearing was recorded on an~audiograph they proved to have a certain degre'e of deafness for the simple notes, say, 30% H.D., and a much greater diminution of their hearing power for the human voice, say, 90% H.D. I have attempted to express these facts in graphic form in figs. 10 to 13.' leading to the mid-brain. In mammals it served to give auditory warning of enemies and of food. In apes we find this auditory protective reflex partly disappearing and becoming an intellectual sense. In men this intellectual sense has increased so greatly that it has masked to a great extent the protective sense, and the centres in the mid-brain which serve the latter have become relatively smaller and those centres which serve the intellectual auditory function have increased enormously. With this increase man, as a baby, tries to speak but has to be taught a recognized code of sounds which takes the form of words. Gradually, from single words the growing intellect learns to appreciate word groups. The power of intellectual hearing apparently has grown as a result of man's ever increasing tactile and muscle sense, and if the ear be damaged in a person with poor tactile power, a small degree of damage will cause a great degree of deafness to conversation, but in persons either with good tactile sense or in persons who make great use of their intellect a far greater degree of damage to the ear is necessary before there is a great impairment in the power of hearing conversation. The insistence of the maintenance of intellectual powers in persons who are going deaf, and of the full use of their tactile sense, appears to be a vital factor in the prevention of some forms of deafness and a similar reasoning may be applied in the case of children who are going deaf. Embryology. Sir ARTHUR KEITH, " Human Embryology and Morphology." G. L. STREETER, Amer. Journ. Anat., 1907, vi, 139; 1907, vii, 337. ROBERT HOWDBMN (Text-bobks of Anatomy, Cunningham, Gray). IDA DiscusSion.-Mr. SOMERVILLE HASTINGS (President) said that he had wondered whether there was any explanation of the curious psychological fact that deaf people were very suspicious and were easily frightened. If the theory put forward by Mr. Lowndes Yates was correct-i.e., that the sense of hearing had been evolved as a means of recognizing the approach of an enemy or of food-it might afford some explanation. He had not noticed that deaf people showed particular interest in their food, though that also should be the case if Mr. Yates's theory was correct.
He had also wondered, whether in dealing with the deaf, one ought, for psychological and other reasons, to try to get them to develop their tactile sense to a high degree. Whether to do so would improve their psychological capacity was a point on which he would like to hear opinions.
Mr. ALEX R. TWEEDIE said he had been much interested in Mr. Yates's opening remarks about the lateral line in fishes, and asked if Mr. Yates had followed up the connexion between this system and the development of the auditory organ. It had usually been taught that the lateral line organ was supplied by the tenth nerve, but on inquiry he gathered from biologists that the eighth nerve might at any rate share in this service.
He would be very glad of any information as to the literature and previous investigation of this structure.
Mr. WATKYN-THOMAS said there was one point about the psychology of deaf persons which he had noticed. Patients would frequently say, " It makes people so angry to talk to us." The probable explanation was that, when raising the voice so as to let them hear, it was difficult to prevent the face taking on the expression of annoyance or impatience, and this the deaf person was quick to see and to resent.
Mr. NORMAN BARNETT said that when the power of hearing in people suffering from middle-ear deafness was improved by treatment, they still remained slow in the interpretation of what they heard. It was a common experience that they did not reply to words spoken to them for perhaps ten seconds afterwards, and probably intimated that they had not heard; but afterwards confessed that they had done so. Re-education of the hearing centre was a matter of great importance. The clearing away of the factors causing the deafness did not suffice in many cases, because disuse of the centre had made it dormant. This factor should never be lost sight of in the treatment of the deaf. The binaural tube which he used was a most useful form of re-educator. The matter could be demonstrated by taking some cases as controls and omitting re-education from the treatment and comparing them with those in which it was not omitted. If the hearing centres of the first group were then re-educated much improvement would be found. He would conclude with a " fish story." Daily, in the old Roman bath at Bath one could see the attendant ring a bell and the fish come from all parts of the bath to the edge to receive their food. This probably did not mean that fish could hear, but these fish had been taught that when a bell was rung there was food to be had. It happened at whatever time in the day the bell was rung. He would like to know how the fish knew, as the bell was not rung in the water.
Mr. C. HAMBLEN THOMAS said he had been told that there was one fish, namely, the cat-fish, which had been sbown anatomically and by experiment to hear, but he had not investigated the point. Seals, of course, were not fish, but during the war some seals in Plymouth had been trained to answer various bells. A man in Munich was said to have trained fish to answer to certain sounds, such as those made by a whistle and a vibrating cord, and, in response, coming to the surface of the water to be fed.
When a person who was becoming deaf first appreciated that fact, he manifested a great anxiety to hear what was being said, and this over-anxiety-this attitude of strain-rather increased the difficulty of hearing. If such persons could be persuaded not to be so anxious about it, he (the speaker) was sure that they would hear much better. He often told patients not to strain to hear, or to get into an anxious condition, and often when this advice was adopted, the hearing improved. Dr. ALBERT A. GRAY said that to one who was beginning to feel a veteran on the stage it gave a great deal of pleasure to see younger men taking an interest in these matters.
Mr. Lowndes Yates-probably owing to lack of time-did not refer to hearing in winged insects. Winged insects developed "ears" on different parts of the body; flies had the function located on their anterior legs; some carried it on their abdomen. They had developed a chordo-tonal organ, very like the organ of Corti and basilar membrane; it was, however, not in fluid, it vibrated in the air.
Mr. LOWNDES YATES (in reply to the President's remarks on the auditory protective sense) said that, no doubt, the auditory protective sense was the criterion in animals; they possessed no analytical sense at all. He thought it had been proved that hearing was a midbrain function. It was a curious fact that binaural hearing was developed very much earlier in the scale of evolution than was binocular vision. It was only when the change of site of the nerve-centre from the mid-brain to the neopallium occurred, that interpretive hearing was found.
The training of the tactile sense improved the perception of deaf persons. Often people had become deaf because they had allowed their tactile sense, and hence their interest in surrounding things, to fall into desuetude. In persons who were always about and " doing things," e.g., pursuing several hobbies, deafness developed only late in life, although they had sustained the same degree of aural damage as those who, with less reason for desire to hear, went deaf earlier. If one could get patients early enough, one could say to them: " If you will use your hands more you will get more interest out of life and you will hear better."
Reference had been made, in the discussion, to the " lateral line." This was a matter difficult to deal with in evolution. It would appear that the tactile sense, though specially developed at this line, was present in less degree all over the body. Regarding the fact that certain biologists stated that the lateral line was supplied by the tenth nerve and others that it was supplied by the eighth nerve, this discrepancy was surely due to the difference in the number of segments forming the head in man and in the fish, for the tenth nerve did not necessarily remain the tenth in the process of evolution. The auditory vesicle was almost certainly developed from the lateral line and was supplied in man by the eighth nerve.
In answer to Mr. Norman Barnett, much work had been done on the hearing of fish; rods had been immersed in tanks and tuning-forks placed on the top of those; then the forks had been set vibrating, and observation made as to whether the fish appeared to hear the vibrations transmitted by the rods. Positive evidence was not as yet forthcoming as to whether fish could hear, or not.
He did not doubt that the auditory environment of a person going deaf was a factor of great importance, and it was necessary to consider both external and internal environment. If a person becoming deaf was placed among people who habitually shouted at him, he came to regard the shout as the normal occurrence, so it came about that he did not answer unless he was addressed in a shout. Internal auditory environment was likewise important, for damaged ear structures would not transmit the same sound to the brain as did undamaged structures. There would be a difference in the message, and that could be imitated on a mechanical model.
In answer to Mr. Hamblen Thomas: With regard to seals, although the seal's cochlea was sunk beneath the surface, the cochlea had undergone no involution and it appeared to be as capable of functional activity as if the animal was using it all the time.
With regard to the psycholog-y of the deaf person and his over-anxiety, it was almost impossible to deal with that, because of the factor of auditory fatigue. Many deaf people were so easily fatigued in hearing that they became over-anxious. Fatigue had been defined as a condition in which each succeeding effort produced less and less result: it was a condition manifested by many deaf people.
The portion of this paper dealing with the evolution of the cochlea had been written largely round Dr. Gray's work. He had not dealt with winged insects, as they were on an entirely different line of evolution. The samne could be said of birds. Probably man sprang 1492 Proceedings of the Royal Society of Medicine 138 from the urodeles, and did not develop through the animals which led up to the bird or those which led to the insect. Possibly the parrot represented the highest point in the evolution of birds, but it had no tactile sense in its wings and a very low degree of tactile sense in its claws. Therefore, whether the tactile sense had preceded the sense of hearing in man was called in question. The parrot, though it might not understand the sounds, could repeat them, and hence had a very high analytical power, but no power of creation of auditory ideas.
With regard to Pavlov's work: It had recently been stated in cor-respondence that Pavlov was reviewing much of the work which he had done. He would not therefore deal with it.
[The conclusion of the Report of the Summer Meeting will be published in the October number of the Proceedings.]
